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EXECUTIVE SUMMARY:

The tTAV-0X5034 expression is made female-specific by inclusion of a splicing module,
derived from the Ae. aegypti Aeadsx (doublesex) gene, that is naturally alternatively spliced
between males and females as part of the sexual differentiation pathway (Salvemini et al., 2011).
This has been linked to the tetracycline-off (tet-off) system. The tet-off system activates tTAV-
0X5034 expression in females in the absence of a tetracycline analogue, therefore all females
carrying a copy of the transgene die at an early larval stage due to the accumulation of tTAV-
0X5034 protein produced by a positive feedback loop (Gossen & Bujard, 1992; Gong et al.,
2005). Females die in the absence of tetracycline analogues whether they are homozygous or
hemizygous for the OX5034 rDNA. However, if a suitable tetracycline analogue is added to the
larval rearing medium in sufficient quantities, tTAV-0X5034 expression is repressed, allowing
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for normal development of females to adulthood. Of the tetracycline analogues available,
doxycycline is used to maintain colonies of the OX5034 in the insectary. The OX5034 strain is
therefore also referred to as “male-selecting”.

The report evaluated the dose-response of OX5034 mosquitoes to a range of tetracycline
analogues, and related the concentrations of each tetracycline analogue, required to rescue
female OX5034 mosquitoes, to the levels of each tetracycline analogue typically found in the
environment as a result of industrial or household tetracycline usage.

The response of OX5034 hemizygous larvae to different doses of tetracycline, oxytetracycline,
chlortetracycline and doxycycline was evaluated under laboratory conditions to identify the
lowest concentrations that allow for survival of hemizygous OX5034 female adults.

Key results are as follows:

¢ Female-specific larval death occurs in OX5034 individuals reared at low concentrations
of tetracyclines, with survival to pupal stage occurring at different concentrations of each
antibiotic. In general, doxycycline achieves rescue of OX5034 life stages at lower
concentrations than the other three tetracyclines tested.

e Female pupae were observed at concentrations above 100 pg/mL (DOX), 3ng/mL (CTC),
10 ng/mL (OTC) and 100 ng/mL (TC), however they proved non-viable, failing to
develop into functional, adults capable of flight.

e Eclosion and survival of functional adult females starts at 10ng/mL (DOX), 1 pg/mL
(TC, OTC) and above 1 pg/mL (CTC), with the proportion increasing as concentration
increases.

Table 1. The ECso (half maximal effective concentration; the concentration which induces a
response halfway between the baseline and maximum) for OX5034 larvae reared in the
presence of different tetracycline analogues. Results displayed are for functional (i.e. flying)
females, modelled using a log-linear model.

Tatracurting Aduh Pamats one Pipal Heucne Ron funeranal
sealasie Haoniis Cortidance suntantration fermale’

Soncentration lsteryal Rasvis

Dawygeycline 0 ngfml 2,24 100 pefml 300 pgfrel to
wgimi 10 ngfmb
Chinrtetranycline® | > ¥ pafmi N MNes 3 ngdfmib 3 ngdrak o
gl =lpgfml
Ooytetracyciine 1 pgfmi 1.42 115 -1.69 10 ngdmi
wgimi LML
Tetracyciine 1 pgfmi 1.37 13510 1.38 100 ngfl 100 ngfml 1o
sgdmib pgimb Tragfml

Non-viable adults are a composite of dead adults on the water of the eclosion container, dead adults on the floor of the cage and
non-flying adults; all these classes are considered to have zero survivability as Aedes aegypti court and initiate mating on the
wing, and flight ability is required in the field to avoid predators and to find mates, hosts and oviposition sites.
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*For larvae reared in the presence of chlortetracycline, no concentration tested produced any functional females and therefore the
ECso will be in excess of 1 pg/mL.

CLASSIFICATION: SUPPLEMENTAL

.. MATERIALS AND METHODS:

A. GUIDELINE FOLLOWED: Not Applicable

B. MATERIALS:

1. Test Material:

Stock solutions of the tetracycline analogues were stored at -20 C*:
e Doxycycline hydrochloride (Sigma-Aldrich, UK)
e Chlortetracycline hydrochloride (Sigma-Aldrich, UK)
e Oxytetracycline hydrochloride (Sigma-Aldrich, UK)
e Tetracycline hydrochloride (Sigma-Aldrich, UK)

2. Control Substance:

e Deionized water

3. Test Oroanism:

Species (common and scientific names): OX5034 (4edes aegypti)
Number of test individuals: 200 L1 (first instar) larvae per 3 replicates.

Strain/Source:

Hemizygous OX5034 eggs were obtained by outcrossing 100 OX5034 males to 200 Wild
Type females. Eggs were obtained by providing mated females with defibrinated horse
blood and allowing access to wet seed germination paper as an oviposition substrate.
Homozygous OX5034 eggs were obtained from a laboratory colony, established for 27
generations.

All strains were reared under standard insectary conditions: 26 C° [+ 2 C°], 70% [+ 10%]
relative humidity, 12h: 12h light: dark cycle.

4, Control Oreanism:

Species (common and scientific names): dedes aegypti Latin Wild Type (LWT)
Number of test individuals: 200 L1(first instar) larvae per 3 replicates.

Strain/Source:
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This non-transgenic strain was originally collected in the region of Chiapas (Mexico) and
was transferred from Mexico’s Institute of Public Health to Oxitec’s UK laboratories in
2006 where a colony has been maintained continuously. All strains were reared under
standard insectary conditions: 26 C° [£ 2 C°], 70% [£ 10%] relative humidity, 12h: 12h
light: dark cycle.

PURPOSE OF THE STUDY:

The presence of tetracycline(s) in the environment may affect survivability and thus
persistence of female OX5034 Aedes aegypti in the receiving environment. The objective
of this study was to determine the lowest concentration of chlortetracycline
hydrochloride, oxytetracycline hydrochloride and tetracycline hydrochloride, and
doxycycline that allows survival of Aedes aegypti females, hemizygous for the OX5034
construct and then compare these concentrations to concentrations of exogenous
tetracyclines that might be encountered in the environment.

METHODS:

Eggs were hatched in new 160z. deli pots under vacuum for two hours. For each strain,
three cohorts of 200 L1 larvae were counted into new 160z. deli pots using tetracycline-
free methods and reared in 200 mL of deionized water. Additional cohorts of 200 L1’s
were counted into 16 oz. deli pots and reared in 200ml of dl water containing a range of
tetracycline analogue concentrations as follows:

e Doxycycline:
Eleven concentrations were tested: 100 pg/mL, 300 pg/mL, 1 ng/mL, 3 ng/mL, 10 ng/mL,
30 ng/mL, 100 ng/mL, 300 ng/mL, I pg/mL, 3 pg/mL and 6 pg/mL. Experimental
doxycycline solutions were prepared from 0.1g/L stock solution stored at -200C.

e Chlortetracycline hydrochloride:
Seven concentrations were tested; 1 ng/mL, 3 ng/mL, 10 ng/mL, 30 ng/mL, 100 ng/mL,
300 ng/mL and 1 pg/mL. Experimental chlortetracycline solutions were made from a 0.2
mg/mL stock solution.

e Oxytetracycline hydrochloride:
Eight oxytetracycline hydrochloride concentrations were tested; 3ng/mL, 10ng/mL,
30ng/mL, 100ng/mL, 1 pg/mL, 3 pg/mL, 10 ng/mL and 30 pg/mL. Experimental
oxytetracycline solutions were made from a 0.2 mg/mL stock solution.

e Tetracycline hydrochloride:
Five tetracycline hydrochloride concentrations were tested; 10 ng/mL, 100 ng/mL, 1
ng/mL, 3 pg/mL and 10 pg/mL. Experimental tetracycline solutions were made from a
0.2 mg/mL stock solution.

Upon pupation, dead larvae, dead pupae and live pupae were collected and counted daily.
Pupae from each cohort were screened for DsRed?2 fluorescence and male and female
pupae transferred to individual cages for eclosion and adult survival assessment. Adults
were provided with a 10% sucrose solution food source. Three days after the last pupa
was added, cage contents were scored for eclosion rate based on the criteria in Table 2.
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Table 2. 0X5034 phenotypes scored in this study

Descriptor Phenaiyoe
Live pupae Live, swimming pupas.
Dead pupse Pupae that died in the eclosion container, including those partially eclosed.

Fuliy edlased aduits that have died on the surface of the watar in the eclasion

Dead adult on water o
container.

Dead adult on cage floor | Fully ecdosed adults that have left the eclosion container and subsequently died.

Morefunctional adults Fully eclosed, live adults that are unable to maintain flight.

Functional aduits Fulty eclosed, live adults able to maintain flight.

Statistical analysis:

Dose response data were analyzed using the RStudio software package version 1.1.456
(RStudio, USA) running the Dose Response Curve (DRC) packages. Log-linear
distributions were used to model the data. The models were used to calculate the ECso
(Effective Concentration50) with 95% confidence intervals. Graphs were designed in
GraphPad Prism 7.05.

RESULTS:

Dose-response of hemizygous OX5034 Aedes aegypti to tetracyclines

Female-specific larval death occurs in OX5034 individuals reared at doxycycline
concentrations at or below 100 pg/mL dox (Table 3.). Between doxycycline
concentrations of 300 pg/mL and 3 ng/mL the presence of female pupae was observed,
however they proved non-viable, failing to develop into functional, adults capable of
flight. Eclosion and survival of functional adult females starts at 10 ng/mL with the
proportion increasing as concentration increases. Doxycycline concentrations at or above
30 ng/mL prove to be significantly different from 0 pg/mL (p=0.019).

[ PAGE \* MERGEFORMAT ]

ED_006741_00009144-00005



MRID 50889415

Table 3. 0X5034 hemizygous female larvae reared at different doxycycline concentrations

Dovsrveling
o Dead femiate nimae Mo viabile female adults | Bhins female adih
soncentrating !
& 1% 1.3% H6. 1%
3 pgiml
(+3,29) {2179 f+14.6%)
235 10.0% B 3%
1 pgiel
{x1.3%} {x3.9%) f£21.3%)
F4% 20.7% 31.0%
300 ngiml
[20.798) {22 5% 145, 5%
4.4% 41.43% 25 8%
100 ngfmilb
{25,656} (£23%) {£8. 7%}
2.4% A4.0%
3% ngfmi
[£3.4%) {£17.3%) 15.9%)
& 9% 458 0% 1.00%
10 ngdml
(+1.2%) {£14.4%) f£1.1%)
23, 39.3% O.0%
I ngfmi
{253 5%5) (55 5%) FE0H %)
3% 13.7% O.0%
1ngfmtb
{£1.5%) {2479 10,0%)
300 pedmal V% 2.3% .0%

Percentages are means of L1 individuals reaching the specified stage based on counts of 200 L1 larvae per replicate (n=3) and
assuming a 50:50 sex ratio (1=300), excluding any non-fluorescent pupae. 95% confidence intervals are displayed in parentheses.
Non-viable adults include; dead adults on the water surface, dead adults in the cage and non-flying adults.

At all chlortetracycline concentrations tested (1 ng/mL to 1 ug/mL), no functional females were
observed (Table 4.). Between concentrations of 3 ng/mL and 1 ug/mL the presence of female
pupae was observed, however they proved non-viable, failing to develop into functional adults
capable of flight. Eclosion and survival of functional adult females was not observed within this
concentration range. Male survival was unaffected by chlortetracycline concentration, with an
average of 88.3% (&5.3 CI) functional adults observed.
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Table 4. 0X5034 hemizygous female larvae reared at different chlortetracycline
concentrations

Uhleateacydinm concentmtion | Desdderais sinan. | Monovisa femsle sty Blvne boenala adult

1 pgdml
+4.8%, {+5.3% {0.0%)
2HA% 13.3% T0%
300 ngdmb
£1.7%) D T (£0.055

D.4%
1 ngdmlb
{30.5%)
2.0% G. 5% £8.0%
20 ngimi
{F0.0%)
1.0% 0.3% A%
1T agfimi
T1.1%) 5056} {E0.0%)
3.7% 0.2%
3 ngdrei
+1. 3568
RN G.0% G.0%
Ingdfmi

Percentages are means of L1 individuals reaching the specified stage based on counts of 200 L1 larvae per replicate (n=3) and
assuming a 50:50 sex ratio (n=300), excluding any non-fluorescent pupae. 95% confidence intervals are displayed in parentheses.
Non-viable adults include; dead adults on the water surface, dead adults in the cage and non-flying adults.

Female-specific larval death occurs in OX5034 individuals reared at oxytetracycline
concentrations at or below 10 ng/mL (Table 5.). At a concentration of 30 ng/mL the presence of
female pupae was observed, however they proved non-viable, failing to develop into functional
adults capable of flight. Eclosion and survival of functional adult females starts at 1 pg/mL with
the proportion increasing as oxytetracycline concentration increases. Male survival was
unaffected by oxytetracycline concentration, with an average of 83% (£4.5%, 95% CI)
functional adults observed.
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Table 5. 0X5034 hemizygous female larvae reared at different oxytetracycline
concentrations.

Sl consenteation G c ferale adull
1.3% A%
A0 pgfml
505 {52 8%
18% 305.7% 52.7%
3 pEimi
{30 0%} {£3.3%} +14 656}
0% BRI 19.7%
3 pgimi
(#3233 075 §£6.3%
15.83% I3.2% L%
00 ngfmi
{54 53 1£0.0%)
4.0% 0.3% 0.0%
30 ngfmb
{0 7%} {01,656}
0.55% 2.05% L%
i0ngimi
(0.0% 150.0% 150.0%)
O.0% O35 0%
A npfred
{0 %) {0 0% {0 0%)

Percentages are means of L1 individuals reaching the specified stage based on counts of 200 L1 larvae per replicate (n=3) and
assuming a 50:50 sex ratio (n1=300), excluding any non-fluorescent pupae. 95% confidence intervals are displayed i parentheses.
Non-viable adults include; dead adults on the water surface, dead adults in the cage and non-flying adults.

Female-specific larval death occurs in OX5034 individuals reared at tetracycline concentrations
at or below 10 ng/mL (Table 5.). At a concentration of 100 ng/mL the presence of female pupae
was observed, however they proved non-viable, failing to develop into functional adults capable
of flight. Eclosion and survival of functional adult females starts at 1 ug/mL with the proportion
increasing as concentration increases. Male survival was unaffected by tetracycline
concentration, with an average of 92.9% (£7.1 CI) functional adults observed.
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Table 5. 0X5034 hemizygous female larvae reared at different tetracycline concentrations.

10 wgdenl
{$5.2%}
1.7% X2.0% A4.3%
3 pgimil
£ 9% 14 %1%} £7 4%}
3% 5E.0%
Ipgfmb
{20 7% {£8.5%}
53.0% DLE3%
100 ngdmil
{57193
L.0% 0.0% O.0%
10 ngdmil
{E0.0%) 1RG0 {2000}

Percentages are means of L1 individuals reaching the specified stage based on counts of 200 L1 larvae per replicate (n=3) and
assuming a 50:50 sex ratio (n1=300), excluding any non-fluorescent pupae. 95% confidence intervals are displayed in parentheses.
Non-viable adults include; dead adults on the water surface, dead adults in the cage and non-flying adults.

The data demonstrated that doxycycline concentrations at and above 10ng/mL result in eclosion
of functional female adults and the minimum concentration of tetracycline and oxytetracycline
required to suppress expression of the female specific transgene, allowing development of
functional adult female progeny, was 1ug/mL, which rescued 15.7% (+1.5%) and 19.7%
(£5.5%) flying females respectively. No female pupae developed when reared in the absence of
tetracycline analogue.

Effects of Environmental Exposure to Tetracyclines

Because the presence of tetracycline(s) in the environment may affect survivability and thus
persistence of female OX5034 Aedes aegypti in the receiving environment, this effect was
evaluated by studying the potential for exposure to exogenous tetracycline concentrations that
might be encountered in the environment. To this end, a review of the potential exogenous
tetracycline concentrations that could be encountered in the environment was conducted from the
scientific literature. The reported concentrations of each tetracycline analogue in various
environmental water bodies were compared to the OX5034 female rescue doses for each
analogue. In all cases the minimum concentration for each analogue, required to rescue OX5034
females, is higher than the mean concentrations found in environmental water bodies for the
studies reviewed (Table 6).
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Table 6. Study Authors Results of literature search (February 2019) comprising [doxycycline
AND waste water AND USA], [doxycycline AND effluent AND USA], [doxycycline AND
ground water AND USA], [doxycycline AND surface water AND USA], and the same set of

ng/m

aste water (reatmen
plant (downstream)

0.1 ng/mL Surface water unknown (Yang, Cha & Carlson,
2004)
0.11 ng/mL Surface water unknown (Lindsey, Meyer &
Thurman, 2001)
0.2 ng/mL Waste water treatment no (Yang, Cha & Carlson,
plant influent 2005)
0.56 ng/mL Waste water treatment 1o (Batt, Bruce & Aga,
plant effluent 2006)
0.98 ng/mL | River downstream of unknown (Yang & Carlson,
agricultural land 2003)
) . 1 ng/mL | Downstream of swine unknown (MacKie et al., 2006)
Tetracycline . s
production facilities
1.1 ng/mL Waste water treatment 1o (Batt, Kim & Aga,
plant 2007y
1.2 ng/mL | Waste water treatment no (Karthikeyan & Meyer,
plant 2006)
2 ng/mL | Farm spring unknown (Campagnolo et al.,
2002)
4 ng/mL Waste water treatment no (Kim et al., 2005)
plant influent
188 ng/mL Waste water treatment no (Kulkarni et al., 2017)
plant influent
410 ng/mL | Hog lagoons no (Campagnolo et al.,
2002)
0.06 ng/mL Waste water treatment no (Yang, Cha & Carlson,
plant effluent 2005)
0.11 ng/mL surface water unknown (Yang, Cha & Carlson,
2004)
0.15 ng/mL | surface water unknown (Lindsey, Meyer &
Thurman, 2001)
0.27 ng/mL | waste water treatmuent plant | no (Yang, Cha & Carlson,
influent 2004)
Chlortetracycline | 0.28 ng/mL | river downstream of unknown (Yang, Cha & Carlson,
agricultural land 2003)
0.5 ng/mL | runoff from manure-treated | unknown (Dolliver & Gupta,
agricultural land 2008a)
0.5 ng/mL Surface water unknown (Meyer et al., 2000)
1.5 ng/mL | Field stream unknown (Campagnolo ct al.,
2002)
2 ng/mL | Field tile unknown (Campagnolo et al.,

2002)
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210 ng/mL | direct runoff from manure no (Dolliver & Gupta
stockpiles (not standing 2008b)
water)
870 ng/mL | Hog lagoons no (Meyer et al., 2000)
1000 ng/mL | Hog lagoons no (Campagnolo et al.,
2002)
0.02 ng/mL Waste water treatment unknown (Haggard & Bartsch,
plant (downstream) 2009)
0.15 ng/mL surface water unknown (Yang, Cha & Carlson,
2004)
0.66 ng/mL | river downstream of unknown (Yang & Carlson,
agricultural land 2003)
. 1.34 ng/mlL | surface water unknown (Lindsey, Meyer &
Oxytetracycline Thurman, 2001)
2 ng/mL | farm spring unknown (Campagnolo et al.,
2002)
2 ng/mL downstream of swine unknown (MacKie et al., 2006)
production
410 ng/mL | hog lagoons no (Campagnolo et al.,
2002)
0.07 ng/mL | waste water treatment plant | no (Yang, Cha & Carlson,
effluent 2005)
0.08 ng/mL surface water unknown (Yang, Cha & Carlson,
Doxycycline 2004)
0.25 ng/mL | waste water treatment plant | no (Yang, Cha & Carlson,
influent 2005)
0.34 ng/mL | river downstream of unknown (Yang & Carlson,
agricultural land 2003)

Effects of Tetracycline Use in the Facility

No tetracyclines will be used in facilities used either to produce OX5034 male adults for release,
or to package and distribute OX5034 release devices for field deployment. This is because
0X5034 male adults develop to adulthood without the presence of tetracyclines, while females
die at early larval stages when no tetracyclines are present. This method is used to ensure male-
only OX5034 for release (see MRID 50889424 for full details of manufacturing and rearing and
release device).

Development of Antimicrobial Resistance with Tetracycline Exposure

The likelihood that the production and release of OX5034 Aedes aegypti would lead to the
development of antimicrobial resistant prokaryotes and represent a risk to human health or the
environment is negligible, as no tetracyclines are used to rear OX5034 males for release.

Citrus Applications Using Oxytetracycline

The availability of tetracyclines in the environment due to agricultural exposure from
oxytetracycline applications in Florida to combat citrus greening will not impact the survival of
0X5034 where released, as treated areas will be located greater than 400m from commercial citrus
growing areas.
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I CONCLUSIONS:

Study Authors Conclusion

The study authors conclude that the likelihood that environmental sources of tetracycline would
cause any change in the survival of OX5034 due to the availability of tetracyclines in the
environment is extremely low, as supported by tetracycline dose response studies (Appendix I, II
of original study report MRID 508894 15). Further, they conclude that there is no likelihood of
adverse effects associated with the production of OX5034 mosquitoes, as no tetracyclines are
used in the facility used either to produce OX5034 male adults for release, or to package and
distribute OX5034 release devices for field deployment. The development and spread of
antimicrobial resistant prokaryotes is negligible, as no tetracyclines are used to rear OX5034
males for release, or in the OX5034 release devices for field deployment.

Reviewers Comments

The reviewer agrees with the study author’s conclusion that the development and spread of
antimicrobial resistant prokaryotes is negligible because no tetracyclines are used to rear
0X5034 males for release, or in the OX5034 release devices for field deployment.

The reviewer also agrees that the concentrations of tetracycline analogues found in the literature
review appear to be below the levels required to fully rescue adult females capable of
maintaining flight, however the following uncertainties are noted:

A survey was not conducted to determine the presence of potential sources and/or
concentrations of environmental tetracyclines in the Treatment Areas (TAs), such as
hospitals (sewage), wastewater treatment plants, livestock sewage lagoons, or aquaculture.

Tetracyclines in the environment can come from human or animal drugs, or non-drug sources
(such as in agriculture). A review of environmental antibiotic degradation indicated that, in
general, the highest sources of environmental tetracyclines (in the pg/L range) were from
hospitals and municipal wastewater, whereas surface waters, and sea and ground waters were in
the ng/LL range (Homem and Santos 2011). Tetracyclines are well known to degrade rapidly in
sunlight (photolysis) in the presence of catalysts (iron and hydrogen peroxide, both of which can
occur naturally in sunlit water) where degradation of tetracycline was complete after 1 minute
(Bautitz and Nogueira 2007). The rate of degradation is dependent on the initial concentration
and the pH of the water. It is also reported that in natural water samples the rate of photo-
degradation is higher than in pure waters due to aquatic matrix effects (Lopez-Penalver et al.
2010).

Aquaculture facilities, farms, hospitals, or municipal sewage facilities are likely the only sources
that theoretically could introduce sufficiently high levels of tetracycline into the environment to
allow survival of OX5034 females. Given that the TAs are likely to be in relatively developed
(urbanized) areas, the presence of livestock or aquaculture is not expected. In general, Ae.
aegypti prefer man-made containers such as gutters, water containers, and tires that hold
rainwater or clean still water for their breeding sites (Tun-Lin et al. 1995; Hribar et al. 2001). A
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2004 study did find that sewage treatment plants, septic tanks, and cesspits were larval
development sites for Aedes aegypti in the Florida Keys (Hribar et al; 2004). However, these are
not preferred breeding sites and breeding in septic tanks can only occur where the lid is cracked
or broken, providing the female access to a novel oviposition site (Burke et al. 2010).
Furthermore, Key West and surrounding areas in Monroe County have eliminated the majority of
septic tanks and use a public sewer line system as the major means of waste disposal. In 1999,
with nearshore water quality deteriorating around the Florida Keys, the State of Florida
mandated through [ HYPERLINK "http://www.monroecounty-
fl.gov/DocumentView.aspx?DID=479" \t " self" ] that the entire island chain install advanced
wastewater treatment systems to eliminate the use of tens of thousands of septic tanks, illegal
cesspits and ineffective small treatment units (Monroe County, 2020). Most of the County is now
served by the Cudjoe Regional Wastewater System that includes a deep injection well, which
disposes of treated effluent 3,200 feet below the surface, thus excluding exposure of Aedes
aegypti to effluent. Each of the Florida Keys Aqueduct Authority Wastewater Districts! has its
own municipal wastewater treatment facility, which consist of a series of open holding tanks,
thus allowing access to mosquitoes. Whether or not these tanks contain high enough levels of
tetracycline to rescue OX5034 females is unknown as sampling was not conducted. The
likelihood of this actually occurring, however, is low due to the fact that Aedes aegypti prefers to
oviposit in clear waters and tetracycline rapidly undergoes aqueous photolysis in the presence of
sunlight. However, the Agency recommends that the perimeter of a TA should be at least S00m
from any wastewater treatment facility in either Monroe or Harris County. In Harris County,
reclaimed water from all of Houston wastewater plants is discharged directly into a surface
waterway, usually one of the area bayous (City of Houston, 2020), however, bayous are not
typical breeding sites for Aedes aegypti. The handling of sewage effluent from hospitals in the
TAs is unknown, however these are likely to be closed systems connected to centralized
wastewater systems. A study examining tetracycline levels in environmental samples, including
wastewater treatment plants, would be helpful in limiting uncertainties regarding potential
sources of tetracycline in the environment.

The degradate of tetracycline, anhydrotetracycline (ATc¢) is much more effective at
inactivating tTA (Gossen and Bujard, 1993; Werten et al., 2014), and thus lower levels are
likely required to rescue “functional” adult females as compared to tetracycline, however
no degradates were tested in the rescue assay. The current study did not consider the
rescue capacity of any of the tetracycline metabolites, thus it is uncertain whether levels of
degradates present in the environment may allow of the development of adult females
capable of maintaining flight.

The abiotic degradation products or reversible epimers may be formed through hydrolysis or
photolysis, including epi-tetracyclines and anhydrotetracyclines (ATc; Brain et al., 2005). Under
photochemical degradation, tetracyclines will form a number of degradates, many of which are
highly soluble and have been shown to be the more stable form in receiving waters (Halling
Serensen et al., 2002). Degradation products can be as active and/or toxic as their parent
(Watkinson et al. 2007). A major tetracycline metabolite is anhydrotetracycline (ATc), which
binds to the tet repressor protein (tTA) approximately 35-fold more strongly as compared to
tetracycline (Degenkolb et al. 1991). Gossen and Bujard (1993) demonstrated ATc as an

! Navy, Key Haven, Big Coppit, Bay Point, Cudjoe Regional, Duck Key, and Layton Long Key.
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alternative effector for tetracycline-controlled gene expression in higher eukaryotic systems.
They found that ATc is much more effective than the parent tetracycline in inactivating tTA, and
that it completely abolishes tTA mediated luciferase activity at concentrations as low as 3 ng/ml.
Data regarding environmental concentrations of ATc could not be found for the US, but a study
in Turkey measured ATc downstream from a wastewater treatment plant at 3.57+0.17 ng/mL
(Topal and Arslan-Topal, 2015). Another study in Denmark found ATc at 30ng/mL in sewage
shudge.

Reviewer’s Conclusion

Because a survey for sources of environmental tetracycline was not performed and degradates
were not assessed, this study is classified as scientifically sound but SUPPLEMENTAL for use
in risk assessment.

The Agency recommends:
e The perimeter of any TA should be not less than 500m from a wastewater
treatment plant for the current experimental use permit.
e Studies examining the capacity for tetracycline degradates to rescue OX5034
females should be conducted prior to commercial registration.
e Future environmental sampling for tetracyclines in a proposed use area should
include an examination of degradate levels.
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